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Chairman : Azrni Zakaria, Ph.D. 
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In this study, a polyvinylidene difluoride (PVDF) film was used as a pyroelectric 
detector in the lateral distance scanning technique to determine the thermal diffusivity of 
solid samples. The samples of interest were aluminuim, copper and spray paint. The 
values were very close to the values obtained by previous works. 
Next, the open photoacoustic cell (Ope) technique was used for measuring 
thermal diffusivity of ferrite samples. The values obtained were in the range of 0.3 cm2s-
1 to 0.5 cm2s-1. EDAX analysis proved that zinc loss happened when the sample was 
sintered at high temperature and the loss was accompanied by sample shrinkage and 
density increment. Thus, the thermal diffusivity value increased with the amount of zinc 
loss during the sintering process. 
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A photopyroelectric spectroscopic (P2ES) technique was developed and applied 
to solid samples such as poly-methyl methacrylate doped with methylene red (PMMA­
MR), poly-methylmethacrylate doped with Rhodamine B (PMMA-RB) and plant leaves 
to see the absorption and transmission spectrum range of samples. The spectra obtained 
showed that they were of transmission type as predicted by Mandelis and Zver. The 
sample condition, that was fls< Ls, Ip>Ls, in obtaining the spectrum agreed with 
Mandelis and Zver's prediction. The trend of optical transmission spectrum fm doped 
PMMA-MR suggests that it could be used as a cut off filter in the range of 525nm and 
below to 400nm. The spectrum of PMMA-RB showed an absorption range between 500 
to 550nm and a highly transmitted region above 600nm. The P2E spectra of leaf obtained 
were in line to the leaf absorption spectrum obtained by Lima et a1. A young leaf has a 
higher signal compared to a mature leaf because it is thinner and thus the optical 
absorption length is longer than the mature leaf. At the saturated transmission spectral 
region, the logarithmic signal of all these samples was found decreasing linearly with 
square root of chopping frequency, agreeing to Rosencwaig and Gersho's prediction. 
The spectrum of ferrite samples showed that the spectrum was similar to that of light 
source because its optical length, I p, was still small compared to sample thickness, Ls. 
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Dalam kajian ini, pengesan fotopiroelectrik (PVDF) telah digunakan pada teknik 
penganjakan jarak sisi untuk menentukan nilai keresapan terma bagi sampel pepejal 
seperti aluminium, kuprum dan cat hitam. Nilai keresapan terma yang diperolehi untuk 
sampel-sampel tersebut adalah masing�masing O.809cm2s-t, 1.13 1 cm2s-1 dan 1.547xlO-3 
cm2fl. Nilai-nilai yang diperolehi ini didapati amat hampir berbanding nilai-nilai 
literatur. 
Teknik fotoakustik sel terbuka (Ope) juga digunakan untuk menentukan nilai 
keresapan terma bagi sampel ferit. Nilai yang diperolehi adalah di dalam julat O.3cm2s-1 
hingga 0.5cm2s-l. Analisa EDAX membul1:ikan bahawa kehilangan zink berlaku ketika 
sampel di sinter pad a suhu tinggi. Proses kehilangan ini diiringi dengan pengecutan 
sampel dan peningkatan ketumpatan sampel. Jadi, nilai keresapan tenna ferit meningkat 
dengan peningkatan kehilangan zink semasa proses pensinteran. 
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Suatu teknik spektroskopi fotopiroelektrik (p2ES) telah dibina dan digunakan 
untuk mengkaji sampel pepejal seperti polimetilmetakrilat yang didopkan dengan metil 
merah (PMMA-MR) dan Rhodamine B (PMMA-RB) serta sampel daun untuk melihat 
spektrum penyerapan dan transmisi sampel-sampel tersebut. Spektra yang diperolehi 
adalah jenis spektrum transmisi seperti yang dianggarkan oleh Mandelis dan Zver. 
Syarat-syarat yang dicapai ketika itu ialah Ps< Ls. lp>Ls dan keadaan ini adalah seperti 
yang dijangkakan oleh Mandeli:; dan Zver. Bentuk spektrum PMMA-MR yang diJapati 
mencadangkan bahawa sampel ini boleh digunakan sebagai penuras cahaya pada julat 
panjang gelombang kurang daripada 525nm hingga ke 400nm. Spektrum PMMA-RB 
menunjukkan penyerapan pada julat panjang gelombang 500nm sehingga 550nm dan 
amat bertransmisi pada julat 600nm ke atas. Spektra p2E bagi sampel daun menunjukkan 
persetujuan dengan spektra penyerapannya seperti yang diperolehi oleh Lima et a1. 
Signal spektra bagi daun muda menunjukkan nilai yang lebih tinggi berbanding dengan 
daun matang kerana keratan rentasnya yang lebih nipis dan ini menyebabkan jarak 
optiknya yang lebih panjang berbanding dengan daun matang. Pada keadaan spektra 
transmisi tepu, signal logaritma bagi semua sampel di atas berkurang secara linear 
apabila diplotkan berlawanan dengan punca kuasa dua frekuensi pencantas optik dan ini 
adalah benar berdasarkan anggaran Rosencwaig dan Gersho. Spektrum sampel fent 
menyerupai spektrum lampu rujukan kerana jarak penyerapan optiknya, [p, adalah lebih 
kecil daripada tebal sampel, Ls . 
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CHAPTERl 
INTRODUCTION 
1.1 Photothermal Processes 
Photothennal studies cover a wide range of techniques and phenomena 
regarding the conversion of absorbed optical energy into heat. In the process, the 
optical energy is absorbed and then converted into thermal energy in a vast number 
of materials in solid, liquid or gas forms. It is known that the absorption of optical 
energy by the material is a selective process depending on the type of material used. 
The general heating of the material later on is caused by a series of non-radiative 
transitions. This happens when the excited electronic states in atoms or molecules 
tend to lose their gained excitation energy in the earlier process. 
In the mid 1970s, an alternative of absorption spectroscopy was developed 
which exploited the photothermal effect. This process is called photoacoustic 
spectroscopy because the photothermal effect was detected by an indirect acoustic 
method. Photoacoustic effect has become a very important tool to investigate 
spectroscopic properties of any type of solid or semisolid material, in any kind of 
state (Manfredotti et al., 1996). In fact, as Rosencwaig (1975; 1976; 1980) has 
demonstrated, only the absorbed light produces an acoustic signal, while scattered 
light, which often presents a serious problem in conventional spectroscopy, can be 
neglected in photoacoustic spectroscopy (PAS), at least in a first approximation 
(Helander et al., 1983). In addition to the photoacoustic detection method, there are 
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numerous other methods which have been devised to detect photothermally 
generated periodic beating. These include the piezoelectric effect, the pyroelectric 
effect, the emission of infrared radiation, the mirage effect, the modulation of the 
surface optical reflectance and the detection of the thermally induced surface 
distortion. 
The photothermal technique is well known because it is a nondestructive 
technique (NDT) where the sample is not destroyed and still can be further 
investigated. This photothermal technique has the flexibility in signal detection to 
suit particular requirements. 
In the photothermal effect, thermal waves are produced by the periodic 
heating of the surface of the sample by a modulated light source and interact with 
thermal inhomogeneities as they travel within the sample material. This thermal 
waves will experience a few processes such as scattering, reflection, refraction and 
diffraction. The signal detected due to these processes occurring at subsurface 
boundaries, will depend on the relative position of the heat source and the detector 
used. The amount of energy absorbed varies as it depends on the surface properties. 
Thermal wave detection techniques were classified into three groups, which 
are acoustic, optical and thermal methods. The acoustic detection technique uses 
either a gas condenser microphone for pressure variations detection or a piezoelectric 
transducer for thermoelastic waves detection in solid media. On the other hand, the 
thermal detection technique includes the use of thermistors, thermocouples, infrared 
detectors, photothermal radiometry (PTR.) or pyroelectric transducer, which is known 
3 
as photopyroelectric detection to detect thermal waves directly. Optical methods for 
thermal sensing include the use of probe beams and photodetectors to monitor 
variations in the optical properties of a heated sample or the fluid medium adjacent to 
the sample. It can also be used to monitor the modulated thermal expansions of 
heated media by probe beam displacement techniques or via interferometry. 
Photothermal spectroscopy is a study of the photo-induced change in the 
thermal state of samples used. It is also known as a highly sensitive method used to 
measure optical absorption and thermal characteristic of a particular sample. 
Measurements of the temperature, pressure, or density changes that occur due to 
optical absorption are the basis for this method. 
Photothermal methods have been used to measure temperature, thermal 
diffilsivities, sound velocity, bulk flow velocities, surface thickness and specific 
heats. In a homogeneous sample, the full photothermal transient is typically analyzed 
in order to obtain this information. However, some of these parameters can be 
determined by measuring signal magnitude, signal decay times, and signal onset 
times for carefully designed experiments. Thermal properties of heterogeneous 
samples can be obtained by raster scanning the optical excitation source over the 
sample surface. The figure 1.1 below shows the processes involved in photothermal 
processes. 
Compared with more conventional thermal analysis methods, photothermal 
analysis has the advantage of noncontact generation of a well-defined heat source at 
the surface or in the volume of the sample of interest. 
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Figure 1.1: The processes involved in photothermal spectroscopy. 
1.2 Spectroscopy in General 
Spectroscopy is considered to have started in the year 1666 by Newton's 
discovery of the solar spectrum. In the year 1802, Wollaston repeated Newton's 
experiment and he reported that the sun's spectrum was intersected by a number of 
dark lines. Fraunhofer investigated these lines 21 years later and he was able to 
measure their wavelengths (Fraunhofer lines). 
Spectroscopy is an analytic technique concerned with the measurement of the 
absorption or the emission interaction between the radiant energy with matter. A 
display of such data is called a spectrum. A spectrum is a plot of the intensity of 
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emitted or transmitted radiant energy versus the energy of that light. Spectra due to 
the absorption of radiant energy are produced when radiant energy from a stable 
source, collimated and separated into its components in a monochromator, passes 
through the sample whose absorption spectrum is to be measured and detected 
(Thorne, 1974). 
In this study, photo pyroelectric spectroscopic technique (plES) was chosen as 
the method to characterize solid samples. In the method, a pyroelectric film detector 
in contact with the sample directly measures the ac temperature field generated by 
periodic heating. In pyroelectric material, a change in temperature gives rise to a 
change in its electrical dipole moment. When a charge is released to the surface of 
the material it creates a voltage difference that can be sensed before it is neutralised 
by electrical conduction, making it as an ac temperature detector. Pyroelectricity is a 
polar effect and only exists in materials whose structure is nonsymmetric with a 
unique polar axis. In this technique, the detector should be in good contact with the 
back of the sample. This enables the average ac temperature field produced by the 
transmitted thermal wave through the sample to be detected by producing a voltage 
across the electrodes. The electrodes are deposited on either side of the pyroelectric 
material. The most commonly used pyroelectric are polymer films such as 
polyvinylidene fluoride (PVOF or PVF2), which is well known for its low cost. 
1.3 Photopyroelectric Detection 
For a pyroelectric detection to be competitive with other photothermal 
detection schemes a number of criteria should be met. The heat capacity of the 
detector should be low which means that it should have a small mass and made out 
